&mdash; In 30 honeys of the Basque country (N spain), linear relationships have been found between electrical conductivity, measured at 20 °C in solutions containing 10 g of honey dissolved in 75 ml of water, and total and sulphated ash contents: total ash (%) = 0.083 electrical conductivity -0.092 (r = 0.964, P value = 96.3%); sulphated ash (%) = 0.121 electrical conductivity -0.097 (r = 0.981, P value = 99.4%). The straightforwardness of electrical conductivity measurements in honey might make these relationships a useful means of calculating ash content. honey / electrical conductivity / ash content / Spain
INTRODUCTION
In sugar solutions and refined sugars, electrical conductivity has been related to ash content by a number of authors (Zerban and Sattler, 1930; Pearson, 1962) . In honey, electrical conductivity is related to organic acid, protein and polyol contents (Crane, 1975) . Accorti et al (1986 Accorti et al ( , 1987 found a correlation between electrical conductivity (of 20% honey solutions based on the honey dry weight) and the total ash content. The ash content in honey varies widely (White, 1978) . Under "the essential composition and quality factors for honey" the Codex Alimentarius Commission (1969) specifies: "Mineral content (ash): not more than 0.6%. In honeydew honey and blends of honeydew and blossom honey: not more than 1.0%".
In the literature there are no data on the mineral content of honey expressed as sulphated ash. The determination of the sulphated ash content (as for sugar and sugar products) would lead to less loss of volatile components (which in sulphated form are not readily volatile), and to less uncertainty in measurements, since the absolute quantity of ash is greater.
It is time-consuming and laborious to directly determine the ash content of honey. The work presented here demonstrates a relationship between electrical conductivity, which is quickly and easily determined at 20 °C, and ash content, on Basque honeys.
MATERIALS AND METHODS

Samples
The study involved 30 Basque honeys harvested in autumn 1987 originating from the chief honey production areas. They were collected representatively from mountain, coastal and plain areas. Microscopic analysis of their sediments revealed that 29 samples were from nectar: -15 samples were polyfloral honeys Nos 5, 6, 7, 10, 11, 12, 13, 14, 16, 18, 19, 20, 25, 26 
Electrical conductivity
Measurements were taken with a Radiometer conductimeter with a 1-cm Radiometer electrode. Sample temperature was maintained at 20 °C using a Haake NBS ultrathermostat and a Jeaner Normalglas thermometer accurate to ± 0.1 °C. Electrical conductivity was measured in solutions containing 10 g of honey in 75 ml of water (double-distilled), since Sancho et al (1991) found an excellent correlation (r = 0.9998) between the electrical conductivity of these solutions and that measured in honey solutions containing 20% dry matter (Vorwohl, 1964a, b; Louveaux et al, 1973) . The electrical conductivity of honey solution containing 20% dry matter can be estimated by measuring the electrical conductivity of a solution of 10.00 g of honey in 75 ml of water and multiplying it by 1.50 (Sancho et al, 1991) .
Total ash
Total ash content was determined by the method of White et al (1962) , which is the Official Final Action method for honey of the AOAC (1990) . A Tungsram infrared lamp and a Heraeus Hanan oven were used.
Sulphated ash
Sulphated ash content was determined by the method of Leach and Winton (1920) , the Official Final Action method for sugars and sugar products of the AOAC (1990). The infrared lamp described above was used to heat the samples on a hot plate until they were well-carbonized and evaporated after the second addition of sulphuric acid.
The precision of each procedure was determined as follows: electrical conductivity, %Cv = 0.86 (Sancho et al, 1991) ; total ash, %Cv = 2.02; sulphated ash, %Cv = 1.30.
RESULTS AND DISCUSSION
Plotting the values (table I) Also shown in table I are the theoretical values of the total and sulphated ash contents calculated from these equations. The t-test was applied to these data (Biomedical Computers Program PD3, 1985) . No significant differences (table II) were indicated between the 2 series of results (P = 96.3% and 99.4% for the total and sulphated ash, respectively).
The correlation between electrical conductivity at 20 °C and total and sulphated ash contents shown in these results indicates the possible influence of mineral components of honey on its electrical conductivity.
The correlation between electrical conductivity and total ash content found in this work is similar to the findings of Accorti et al (1986 Accorti et al ( , 1987 . These authors established a relation between the electrical conductivity of 20% honey solution, based on honey dry weight, and the total ash content given by the equation: electrical conductivity = 17.1856 (%) total ash + 1.4918 where: % total ash = 0.058 electrical conductivity -0.087.
If the electrical conductivity as determined by Accorti et al (1986 Accorti et al ( , 1987 was measured in solutions of 10 g honey dissolved in 75 ml water, the relationship would be: % total ash = 0.087 electrical conductivity -0.087. The similarity between the equation of Accorti et al (1986, 1987) and that of the present study (% total ash = 0.083 electri-cal conductivity -0.092), shows that total ash content of honey can be calculated from the value of the electrical conductivity. The greater quantity of sulphated ash explains the higher correlation for sulphated ash content and the lower %Cv.
We have shown that, at least for the Basque honeys harvested in autumn 1987, total and sulphated ash contents in honey can be estimated from the value of the electrical conductivity at 20 °C measured in solutions of 10 g honey dissolved in 75 ml of water. An extension of this study might be to determine whether the same relationships exist in other honeys of different origins (nectar on honeydew), (Crane, 1975) . Accorti et al (1986 Accorti et al ( , 1987 ont établi une relation entre la teneur en cendre totale et la conductivité électrique de solutions de miel à 20%, exprimées à partir du poids sec du miel.
Dans la littérature, il n'y a aucune donnée concernant le contenu en sels minéraux des miels, exprimé en teneur en cendre sulfatée. La détermination de la teneur en cendre sulfatée (comme pour les sucres et les produits sucrés) conduirait à une perte moindre des composés volatils, et à une moindre incertitude dans les mesures, puisque la quantité absolue de cendres est plus grande.
La détermination de la teneur en cendre des miels est une opération longue et fastidieuse. Dans le travail présenté ici, on discute une possible relation entre la conductivité électrique, une mesure d'obtention rapide et aisée à 20 °C, et la teneur en cendre totale et sulfatée.
Cette étude concerne 30 miels basques récoltés à l'automne 1989, et originaires de la principale région de production. Ils ont été collectés, de manière représentati-
